Abstract The paper presents a CT/MRI image based semi-automatic AAA 
Introduction
Segmentation is dividing the image into areas that are homogeneous with respect to certain characteristics such as: intensity, colour, texture, according to anatomical knowledge. Even though numerous segmentation methods exist, the issue is still the subject of intense research. Choosing the segmentation method depends on the anatomical area, differences in contrast as regards the surrounding tissue, tonal homogeneity. It is the precision in replicating the geometric shape of the segmented organ that the reliability of results obtained later in model manipulation depends on.
Aortic aneurysm is the increase in aorta diameter at least by half. It is most often localised in the abdominal area. Physiologically healthy aorta has a diameter of up to 2 cm in this region. Aneurysm diameters range from 3 to 10 cm. Aneurysms are formed due to loss of elasticity of aortic wall layers. The aortic wall is composed of three layers: tunica intima (in direct contact with blood), tunica adventitia (where blood vessels transporting blood to the wall run) and tunica media [1] . Tunica media is built of elastic fibres that give aorta its firmness which allows it to withstand the pulsating pressure of blood and ensures continuous flow. Damaging the medial layer plays a major role in the creation of abdominal aortic aneurysms.
Aneurysm diameter exceeding 5 cm is an indication for surgical treatment. Planned surgeries are preceded by diagnosis that aims to image precisely the shape of 14 P. Drapikowski, Z. Domagała aneurysm in order to determine the best treatment method.
Precise imaging also plays a significant role in assessing aneurysm rupture risk. Surgical treatment is chosen only when the rupture risk is greater than the risk of surgery failure.
Imaging the aneurysm at the check-up stage is done on the basis of abdominal cavity ultrasound. Pre-surgery planning and rupture risk assessment are prepared on the basis of CT/MRI images and three-dimensional computer models of the aneurysm.
The most important stage of aneurysm computer modelling is image segmentation. It is a difficult task because the aneurysm area itself as well as the aneurysm and the surrounding tissue lack contrast differences. This problem has been the topic of research by several research teams.
When analysing work by researchers from University
Medical Center Utrecht, one can notice their approach to segmenting the abdominal aorta evolved from an attempt to use an algorithm for automatic segmentation based on the active shape model (ASM), for which the probability of a given contour being the edge of aorta was calculated with the k nearest neighbour method (kNN) [2] . The authors mention that if the contour was wrongly assessed, an intervention by the operator is necessary and a few secondary points need to be added. Another paper [3] proposed an interactive method where the first image is segmented manually whereas segmenting the rest is based on the results of the previous image using the ASM method.
Abandoning the idea of a fully automated segmentation is proof positive of the fact the the segmentation problem is not a trivial issue and that capturing the geometric shape of the aorta may necessitate an operator intervention. The most advanced method, resulting from experience gained during previous research, yet based on similar principles, was presented in article [4] . The authors notice, however, that the result obtained need to be checked against image collections coming from different CT scanners and recorded with different layer thicknesses. When analysing other articles regarding aorta segmentation, it can be seen that attempts to segment automatically, described earlier, were abandoned in favour of semi-automatic segmentation with operator input ( [5, 6] ). An exhaustive presentation of various approaches to the segmentation of the abdominal aorta can be found in [14] . To sum up the state of research, it may be said ASM or Active Con- • segmentation process is started and controlled by an operator who has the possibility to interact with every layer,
• proper segmentation is done with the Active Contour method,
• segmentation of the inner and outer aneurysm wall takes places in parallel,
• division of the outer wall and thrombus is done at a later stage of model analysis.
In light of the above assumptions, the aim of the project was to prepare a tool to segment the abdominal aorta that would work automatically once initialised but would remain controlled by the operator who would have the chance to interact at any given moment.
Materials and methods
Images came from various CT scanners, were taken at 0.625 or 0.8 mm and come from 12 subjects including 1 woman and 11 men aged 50 to 80.
Active Contour Segmentation
The method is among edge segmentation approaches and was proposed in article [7] . Despite its evolution over the years and its enhancement to include statistics, dynamic programming, genetic algorithms and knowledge bases, in regards to aorta segmentation it is used in its basic form, with the contour represented in parametric equation.
Other than that, two other approaches may be mentioned:
• geometric active contour [8] ,
• geodesic active contour [9] .
In general, segmentation with parametric active contour consists in setting the initial conditions as a closed curve in the image plane, followed by fitting it to object boundaries as a result of acting forces and fixed limitations. Fitting the curve is an iterative procedure.
The whole task can be examined from the optimalisation perspective. The resulting iterations lead to minimalising the energy of the E snake curve, which is the key element of curve transposition within image space. The way the curve is reshaped depends on finely tuned parameters of the active contour model, on initial conditions and on how the external energy E ext is determined (external energy attracts curve nodes to the contour; it is most often a transposed image gradient field). It should be remembered the active contour method presented here applies to the segmentation of a single object present in the image [10] . The contour of such an object can be described with the following parametric equation (1):
where: x and y are the coordinates and s the parameter s [0, 1], t means time going from t = 0 to t = T max in which the segmentation process of a single contour is considered to be finished. The overall contour energy v(s, t)
is described using a functional of the following form (2):
S(v) represents deformation (external energy) and is computed with the equation (3):
where:
∂v ∂s is the element responsible for tension,
∂s 2 is the element responsible for rigidity, ω 1 -tension weighting factor, ω 2 -rigidity weighting factor.
The second addend of equation (2) describes the external forces related to the images and is formalized in relation (4). It is responsible for attracting the curve v(s, t)
to the desired limit of the object.
P (x, y) is a scalar function related to image content and can assume various forms:
where: G σ is a two-dimensional Gauss function with standard deviation σ and c is an amplitude-enhancing parameter for the image edge.
Filtering the image first with a low-pass Gaussian filter increases edge width, which makes the contour-attracting area larger. This, however, reduces the fit to the object's actual boundary. In the software created, the contour is represented as a closed polygonal path whose nodes compose discrete sets of points. The ways to calculate a contour given in this form are presented exhaustively in annexes [11] and [12] .
Computer implementation
The segmentation of the abdominal aorta begins with loading layered images in the DICOM format; the images cover the area from where the renal arteries depart to where the iliac artery bifurcation starts.
Image filtering
Images are filtered before the actual segmentation. Lay- 
Segmentation
Segmentation starts with the nearer side after the operator marks the rectangular region of interest (ROI) including the aorta. Then, contouring with a given discretisation is performed automatically to set the points that allow for 'manual' contour editing (circles seen in Fig. 3 and 4) . Inserting contour-forming points by the operator is possible, too. During editing the points can be moved, added and deleted. Space between the points is filled with the spline function. The function used in article [13] was used as it lets the curve to be shaped easily with three parameters (tension, continuity, bias) depending on the desired contour shape. Two contours are marked in the segmentation process. The first one (inner contour) sets the lumen, the second one (outer contour) contains the inner layer of the aorta. In the area where no ILT is present, both con- (Fig. 4) . The cross- With such aneurysms operator interaction becomes necessary and he or she initiates the second set of contours in a way similar to that of segmentation outset (Fig. 5) .
Contours obtained as a result of segmentation are saved 
Results
Sample surface models of aneurysms are shown in Fig. 7 . 
